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ABSTRACT 
Dhaka, a city in a tropical climate, is facing a housing emergency due to population explosion 
and urbanization, resulting in an abundance of high-rise residential buildings. Surprisingly, 
residential high-rises are designed largely ignoring daylighting necessity in compact urban 
contexts in such a context. It is imperative to ensure enough daylighting ingress in living spaces for 
positive health outcomes and comfort conditions. This research aims to present a parametric study 
of a case example in the dense urban context of Dhaka, Bangladesh. A fifteen-story building in a 
dense high-rise housing development along a sixty feet road was analyzed. The main parameters 
for this study are – building geometry, obstructions, and width of street canyons. These 
parameters are varied and analyzed to explore the challenges of daylighting in deep spaces. To 
understand the existing daylight conditions and the effects of the geometry, three different 
scenarios – the existing conditions, building as an isolated geometry, and a 3X3 grid of the same 
building - were explored using Honeybee and Ladybug plugins within Rhinoceros-Grasshopper. 
Spatial daylight autonomy (sDA300 50%) data, a daylighting metric related to dynamic sky 
conditions for Dhaka, are compared for the above scenarios. Consequently, daylighting design 
strategies are speculated based on the findings. 
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INTRODUCTION  
Urbanization and urban densification are inevitable global trends and are happening even faster 
in developing countries. The justification for density extends to economic growth, urban-scale 
sustainability, and many more. However, this worldwide trend of urban densification is changing 
the landscape of human settlements, with momentous implications on our living conditions, well-
being, and the physical environment, particularly in developing countries where limited land and 
housing crisis is persistent. Consequently, our built environment is changing to tackle these crises, 
prioritizing densification over factors that affect our living conditions. For a healthy and sustainable 
living environment, access to natural resources such as daylight and fresh air is crucial. 
Daylighting is as old as architecture itself and has a significant influence on building design. 
Throughout history, daylight has influenced the building forms in numerous ways (Nancy, et al. 
2000). Designing for daylight in a dense urban context asks for external urban factors, such as 
external obstructions, height, and width of urban canyons, and other geometric aspects of the 
buildings, such as façade window-to-wall ratios, orientation, size, and location of windows (Cheng 
et al., 2006; Compagnon, 2004). 
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Dhaka, the capital of Bangladesh, is a fast-growing city in south-east Asia. An influx of internal 
migration and spontaneous growth of the population turned Dhaka into a densely built populous. 
The city suffers from extensive uncontrolled densification horizontally, and very recently, vertically 
in both planned and unplanned developments, resulting in a very compact urban form.  
The development of high-rise buildings is a consequence of urban densification, expanding urban 
populace, and economic growth. This is an ongoing issue, particularly countries in Southeast Asia. 
The tendency to grow vertically continues to increase day by day because of land limitations to 
accommodate these growing urban populations. In many South-east Asian cities, such as Dhaka, 
Mumbai, Hong Kong, high-rise residential buildings are abundant (Farea et al., n.d.). According to 
Ahsan et al. (2014), the number of high-rise buildings has increased by three times between 2010 
and 2014, whereas in Bangkok and Kuala Lumpur, the number has doubled over the same time 
(Ahsan, 2014). A third of these high-rise buildings in Dhaka is residential type, and this number is 
increasing (Ahsan et al., 2014). The current number of high-rise housing, maybe even higher. The 
short distance between the adjacent high-rise buildings creates narrow canyons (aspect ratio as 
narrow as 8:1 to 10:1), and obstructs admission of daylight and natural airflow into the buildings, 
thus forcing the occupants to rely on artificial and mechanical means of lighting and ventilation 
(Ahsan et al., 2014). The two-way urban sprawl with no consideration of livable environmental 
factors, such as daylighting, has adverse effects on occupants' psycho-physical well-being, comfort, 
and overall urban environment (Ahsan, 2016). 
This paper focuses on the following research question: How do the parameters related to urban 
canyons impact daylight availability in the dense residential urban context of Dhaka, Bangladesh? 
BACKGROUND  
Evaluation of daylighting as a building performance strategy is a complicated task. A universally 
acceptable level of daylight in a specific space is still a question yet to be answered by researchers. 
One of the reasons for this difficulty to pinpoint good daylighting could be that building 
professionals focus on various aspects of it (Reinhart, 2014). Appropriate lighting level criteria 
should be established based on the functions and requirements of the various living spaces to arrive 
at a daylighting strategy in a compact urban form. Consequently, some potential solutions can be 
proposed, experimented, and validated using parametric methods.  
Parametric methods have been utilized in many research and design projects that intend to analyze 
daylighting in design using available data (Eltaweel and Su, 2017). Daylighting design is 
dependent on many divergent criteria such as the latitude, longitude, sun angles, dynamic sky 
conditions, which makes the task challenging. The parametric method can provide the utility of 
processing and connecting all the relevant data using specific software, which can make the 
process of analysis and decision making easier. For this reason, many researchers evaluate 
daylight ingress using parametric methods in recent years. 
Compagnon (2004) proposed a computational method to quantify daylighting by looking at the 
irradiance values on building roofs and facades to analyze and evaluate solar and daylight 
availability in dense urban areas (Compagnon, 2004). However, this method has limitations as it 
does not consider the depth of the building concerning daylight ingress. Cheng et al. (2006) 
introduced another parametric approach to investigate daylight availability by looking into the 
daylight factor and average sky view factor, concerning urban built form and density (Cheng et al., 
2006). This study presented the potential of daylighting simulations for the planning of high-density 
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solar cities. However, the authors investigated the daylight factor, which is a static daylight metric 
measured at a single point in time. In another research by Strømann-Andersen and Sattrup (2011), 
building depth and related urban canyons were analyzed (Strømann-Andersen and Sattrup, 2011). 
Their correlational study investigated building scale, urban density, and passive energy factors and 
established a relation between urban canyon geometry, building operational energy, and daylight 
availability in office and housing building units, assuming a homogeneous urban setting.  
Many researchers used the daylighting metric of Daylight Factor to assess daylight performance 
(Calcagni and Paroncini, 2004; Ibarra and Reinhart, 2009; Lau et al., 2006; Ng, 2001). However, 
in recent years, dynamic daylighting metrics are repeatedly investigated, promoted, and validated 
by researchers (Mardaljevic et al., 2009; Reinhart et al., 2006). 
Erlendsson (2014) investigated Daylight Autonomy as a metric to assess the daylight performance 
of atria in large scale buildings(Erlendsson, 2014). Additionally, this research presented a 
comparative analysis of various available tools such as Honeybee for Grasshopper, DIVA for 
Rhinoceros and Grasshopper, RadianceIES, Velux Daylight Visualizer, Daysim, and Ecotect. 
Another research in 2018 presented a comparative analysis of four daylight analysis tools 
including DIVA and Honeybee for Grasshopper (Anderson and Ghobad, 2018). Both studies show 
that Honeybee and DIVA provide highly accurate results for estimation and simulation of daylight 
impact. Although Honeybee simulates slower than DIVA, it has a cleaner workflow and offers more 
user flexibility (Anderson and Ghobad, 2018). 
Saratsis et al. (2017) explored daylight performance in different urban typologies through a 
simulation-based parametric method and with LEED v4 as an evaluation criterion (Saratsis et al., 
2017). The authors used floor area ratio (FAR) to quantify the density and calculated spatial 
daylight autonomy(sDA) to measure daylight availability in dense urban areas. Toutou et al. 
(2018) investigated daylight and energy performance in residential buildings, utilizing a 
parametric modeling based computational framework (Toutou et al., 2018). The authors used 
sDA[300lux] [50%] metric for daylighting. Consequently, they extracted optimum solutions for 
daylighting and energy performance from numerous simulations. 
Parametric methods are incredibly effective for studying daylighting and relevant factors (Eltaweel 
and Su, 2017). Parametric-based simulation analysis has been getting popular in recent years to 
address the complexity of contemporary design challenges and urban density. Application of 
advanced modeling, iterating, and simulation tools are also increasing to refine the research 
parameters and the workflow further. The most common software used for parametric research is 
Grasshopper based on Rhinoceros for parametric modeling. Grasshopper connects to multiple 
plugins for simulations such as Ladybug, Honeybee, Diva, which can define specific weather 
properties of a territory and sky conditions. Based on this literature review, the author chose to 
utilize the software packages – Rhinoceros, Grasshopper with Ladybug, and Honeybee plugins. 
The computational method used in this research is a great tool to analyze and understand 
daylighting in buildings. 
METHODOLOGY  
In this research, a computational approach was adopted to analyze daylight availability in the 
dense urban condition of Dhaka. A workflow was created based on existing research. To calculate 
the sDA, the Radiance-Daysim approach is used and validated in many pieces of research 
(Reinhart and Wienold, 2011; Saratsis et al., 2017). Ladybug and Honeybee plugins for 
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Rhinoceros-Grasshopper use the Radiance engine to simulate daylight availability. The parametric 
workflow shown in Figure 1 is used to model, simulate, and evaluate building geometry and 
related urban street canyons. The workflow is divided into four sequential phases: (1) modeling the 
geometries and environment, (2) define and iterate the geometries which include defining the 
analysis geometry, creation of windows, walls, floors and ceiling, (3) annual daylight simulation, 
and (4) evaluation based on dynamic daylight availability metrics. 
The daylight availability is 
computationally analyzed 
for a building in Japan 
Garden City. This analysis 
is done to understand the 
extent of challenges of 
designing for daylighting 
in high-density areas. 
Japan Garden City is a 
block-based, high-rise 
housing development. It is 
a very congested and 
dense housing 
development with very 
dark street canyons 
between the buildings. 
The case study is selected, keeping in mind factors such as the forms of the existing buildings, the 
dense urban residential context, and the project being designed housing with consideration of 
daylight ingress and airflow. 
FINDINGS – SIMULATION OUTPUTS  
Annual daylight analysis is done using Honeybee within Grasshopper to understand the daylight 
conditions and the effects of the building geometry. The analysis is done in three phases- 
1. The existing situation in the case study 
2. Isolated geometry 
3. 3X3 grids of hypothetical urban scenarios  
All the floor levels, except the ground floor parking level, are simulated for annual daylight 
autonomy and the sDA percentages. A series of simulations were run on all fourteen living floor 
levels of the case study building. For comparison, three floors with annual daylight availability 
falsecolor graphics are shown in Figure 2. These diagrams illustrate the effect of the surrounding 
context, such as the different widths of the street canyons around the analysis building, WWRs, and 
other geometric features, such as the external cuts. Additionally, these illustrate the effects of the 
changing floor levels. 
The three-floor-comparison data visualization of annual daylight autonomy shows interesting results 
because it differs from widely accepted assumptions. The north and south façades receive almost 
symmetric levels of daylight penetration annually, even though the south façade is expected to 
receive more direct sunlight due to year-round sun positions and angles. On the other hand, the 
Figure 1. The computational workflow (Author 2019). 
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east and west façades show asymmetric results and receive comparatively more daylight annually, 
even though WWRs are lower than the north and south façades. 
To better understand the effects of building geometry and obstructions, another series of simulations 
were done on the case study building as an isolated geometry on a ground plane. All the fourteen 
floors were simulated to compare the effects of changing the floor levels. Moreover, the impact of 
unobstructed direct sun penetration can be noted in the isolated geometry and compared with the 
case study building (Figure 3). The variation of the sDA percentages at different floor levels is not 
significant except for the topmost floor. The illuminance levels on the north and south sides are not 
symmetric. Because of the year-round sun positions, the south facade receives more daylight 
compared to the north. Therefore, the intermediate shaded region between red and blue in the 
south is longer than that of the north façades, as shown in the falsecolor graphics. 
The sDA percentages in Figure 4 show that the lower nine floors in the case study are 
comparatively darker and have similar percentages. which was predictable based on the existing 
condition of the case study housing. Overshadowing cuts down direct and diffused sunlight 
significantly except for the topmost floor. The 10th to 13th floors have gradually increasing sDA 
percentages. In the isolated geometry, the variations are less. The topmost floor level receives the 
most daylight in both cases. This significant sDA increase from the 13th to 14th floor sheds light on 
the combined effects of unobstructed direct sunlight penetration and diffused daylight on the 
topmost floor level, whereas the surrounding buildings obstruct the lower floors. This finding has 
implications for the daylighting design in Dhaka. Even with high sun angles, the author speculates 
that lower levels only receive diffused daylight from the sky and surrounding surfaces that create 
the darker interior spaces. 
For the urban level simulations, hypothetical urban scenarios consisting of 3 X 3 grids of repeating 
geometry with streets with specified widths. The urban level study incorporates the following 
scenarios– 
1. North-south (N-S) building orientation, 20' streets 
2. East-West (E-W) building orientation, 20' streets 
3. North-south (N-S) building orientation, 30' streets 
4. East-West (E-W) building orientation, 30' streets 
5. Wider East-West (E-W) streets 
6. Wider North-south (N-S) streets 
Predictably, the findings shown in figure 5 depict that increasing street widths around the building 
from 20 ft (6 m) to 30 ft (9 m) resulted in significantly higher spatial daylight autonomy 
percentages. This outcome reinforces the hypothesis that the geometric configuration of urban 
street canyons, in this case, the width of the street canyon, plays a vital role in daylight autonomy. 
Moreover, having different street widths in the N-S and E-W directions also shows variations in 
sDA%. The positioning of the longer side of the building along the wider street performs better in 
terms of daylight ingress. 
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Figure 2. A three-floor comparison of the annual daylight autonomy falsecolor visualization in the case study building 
(Author 2019). 
 
Figure 3. A three-floor comparison of the annual daylight autonomy falsecolor visualization in the isolated geometry (Author 
2019). 
 
Figure 4. Existing condition floor-by-floor sDA data (Author 2019). 
The daylighting analysis in this research indicates that, in the extreme urban scenarios of Dhaka, 
the width of urban street canyons has a significant effect on daylight autonomy. For example, a ten 
feet width increase from a twenty feet street increases the sDA calculations at least 60% from the 
respective cases with twenty feet streets. 
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CONCLUSIONS 
A conclusion can be drawn 
considering the findings, that it is 
critical to address the width of the 
urban canyon while designing for 
such density. Additionally, the urban 
street widths adjacent to the longer 
façades of the high-rise developments 
are critical for daylighting in the 
living spaces of residential 
apartments built in density, along with 
other factors traditionally addressed 
in daylighting design. Therefore, the 
regularly occupied spaces in 
residential buildings of Dhaka, such 
as the bedrooms, study areas, and 
family living areas, should be located 
along the longer side of the building façade to benefit from daylight. Geometric aspects of urban 
street canyons, specifically the street width is crucial for daylight ingress in urban contexts like 
Dhaka. The existing codes for Dhaka city have minimal regulations for daylighting in building 
design. Planning and building construction rules can consider this aspect to review the existing rules 
of access road width, setback, and FAR. 
A critical argument of this research is that there is a need to modify the existing recommendations 
for threshold minimum levels and percentages regarding daylight autonomy given by various 
building guidelines for application in residential buildings in density. IES guidelines have specific 
illuminance level recommendations for different residential spaces ranging from 200 to 500 lux 
depending on weighting factors such as occupants age or the type of task carried out in that space. 
Then the question arises whether the illuminance threshold of 300 lux in LEED v4 is practical for 
residential buildings. It can be argued that this threshold minimum can be 200 lux considering 
residential use of the building. 
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